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0 Method for the production of a metal foam and a metal foam obtained. 



® A method for the production of a metal foam is 
described. 

To this end a suitable foam material (1) is pro- 
vided, if necessary, with an electrically conducting 
covering layer (V) and then thickened by plating with 
metal in an electrolytic bath. 

According to the invention the electrolytic bath 
used contains a brightener; in particular a chemical 
compound having the properties of a second class 
brightener. 

Metal foam obtained by means of the method is 
also described. 
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Background of the invention 

The Invention relates to a method for the pro- 
duction of a metal foam, in which method a suit- 
able foam material is. if necessary, provided with 
an electrically conducting surface layer, after which 
the material is subjected to a metal deposition 
treatment In an electrolytic bath. 

A method of this type is disclosed in EP-B1- 
0151064. 

In said publication it is described thai an elec- 
trically conducting surface layer is applied, in a first 
Step, by cathode sputtering or ionic deposition on 
an organic support material of high porosity, while 
in a second step metal is deposited in a chemical 
and/or electrochemical step until the desired coat- 
ing thickness is obtained. 

It can be seen from said publication that the 
deposition of the electrically conducting surface 
layer can also take place on a chemical way, as is 
disclosed in the prior art. 

Metal foam structures of this type have many 
fields of application: 

The material can be used for the production of 
electrodes for electric accumulators or batteries as 
well as for electrodes for fuel ceils or alternatively 
as electrode supports. 

In addition, materials of this type can be em- 
ployed as support materials for catalysts which are 
used in various chemical process units such as 
cracking plants and also in catalytic devices in 
motor vehicles. 

Metal foam materials of this type can also be 
used for acoustic insulation. 

The material as described in the above-men- 
tioned publication has, in general, a metal deposit 
which is unsuitable for certain applications; thus, for 
example, the physical and mechanical properties 
will generally leave something to be desired. 

To that end. the present application aims to 
provide a method of the indicated type which 
makes it possible to provide in particular the sur- 
face of the resulting metal foam with specific phys- 
ical and/or chemical properties compared with the 
surface of a metal foam obtained by the method of 
the prior art. 

Summary of the invention 

For this, the method of the indicated type is 
characterised in that for the treatment of metal 
deposition an electrolytic bath is used which, in 
addition to the usual constituents, contains at least 
one chemical compound having brightener prop- 
erties. 

By adding brighteners properties which are de- 
sired for specific applications can be imparted to 
the metal deposit. 



For example, the hardness and the internal 
tension of the metal deposit, for example a nickel 
deposit, are influenced by adding sulphur-contain- 
ing brighteners, 
5 As a result of such a brightener addition the 
hardness increases, while the internal tension de- 
creases. 

In particular, a chemical compound having the 
properties of a second class brightener is used in 

w the method according to the invention. 

Such a specific brightener addition is Important 
in connection with the fact that for many applica- 
tions it is important that the specific surface area of 
the foam material is as large as possible in order to 

15 provide the substances interacting with the foam 
material with the maximum possible chance for 
reaction and/or attack. 

It has been found that by incorporating a 
chemical compound having the properties of a sec- 

20 ond class brightener in the electrolytic metal bath, 
an explicit preferential growth of metal takes place 
which in general will occur mainly in a direction 
which is parallel to the shortest connection between 
the anode and the cathode of the electrolysis bath 

25 in which the foam material to be covered by a 
metal deposit and having an electrically conducting 
surface layer is installed as the cathode. 

As will be seen below, the direction of pref- 
erential growth is not restricted to the above-men- 

30 tloned direction. 

When brighteners in general are used, such as 
mentioned above, for example a first class brigh- 
tener, an all-round uniform growth is obtained and 
the spectrum of physical and/or mechanical prop- 

35 erties can be adjusted by influencing the process 
conditions during growth. 

With respect to the method, it is also pointed 
out that the foam material used as starting material 
can, on the one hand, be an organic foam material, 

40 such as a polyurethane, polyester, polystyrene, 
polyethylene, polyphenol, polyvinyl chloride or 
polypropylene foam; said foam Is provided with a 
first metallisation layer by cathode sputtering, 
chemical metallisation or by decomposition of gas- 

45 eous metal carbonyl compounds. 

However, the foam starting material can also 
consist of a fibre assembly consisting of organic 
fibres which are provided with an electrically con- 
ducting surface layer by the above-mentioned 

50 metallisation processes. The foam starting material 
can, however, also be formed from organic fibres 
having electrical conductivity or consist of metal 
fibres. 

In the last-mentioned cases the application of 
65 an electrically conducting surface layer is not nec- 
essary and can be dispensed with. The electrically 
conducting surface layer may instead of compris- 
ing a metal also be composed of an electrically 
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conducting ceramic material such as titanium- 
nitride, tungsten carbide etc. The foam starting 
material may instead of comprising an optionally 
electrically conducting organic material or metal 
also comprise an electrically conducting ceramic 
material or a non conducting ceramic material com- 
prising an electrically conducting metal or ceramic 
top layer. All of the above-mentioned materials 
having a porous structure are considered to be 
able to be processed with the aid of the method 
according to the present invention to provide a 
material having a metal foam structure, an impor- 
tant property being that the specific surface area 
(number of square metres of free metal surface per 
unit weight of the finished metal foam) is large 
compared with that of a corresponding metal foam 
which has been obtained using the method accord- 
ing to the prior art. 

For the rest it is noted that the use of electroly- 
sis baths which contain the chemical compounds 
described above is known per se from European 
Patent EP-B 1-0038 104 for the production of sieve 
materials. Said publication makes no mention of 
the possibility of forming metal foam materials hav- 
ing a greatly enlarged specific surface area and 
predetermined specific shapes. 

For a review of chemical compounds which 
have the properties of a second class brightener 
and which can possibly be used reference is made 
to Modern Electroplating by Frederic A. Lowen- 
heim; third edition 1973; John Whiley & Sons, page 
302 and J.K. Dennis and T.E. Such; Nickel and 
Chromiumplating; Butterworth, second edition 
1986, specifically Chapter 5 (Bright Nickel Elec- 
troplating). 

In particular, the above-mentioned chemical 
compound is selected from second class brigh- 
teners and brighteners which have both second 
class properties and first class properties or from 
mixtures of two or more of such compounds. 

For a definition of the difference between first 
and second class brighteners reference is made to 
the above mentioned literature references. 

Advantageously, the chemical compounds 
which can be used in the present invention are 
chosen from 1,4-butyndiol and 

ethylenecyanohydrin as ■ representatives of brigh- 
teners having second class properties and 1-(3- 
sulphopropyl)-pyridine and 1-{2-hydroxy-3-sul- 
phoproply)-pyridine as second class brighteners 
having also the properties of first class brighteners. 

In order to obtain an additionally enlarged spe- 
cific surface area of the metal foam, the metal 
deposition treatment is highly advantageously car- 
ried out using one or more of the following con- 
ditions: 

- flow of bath fluid through the openings in the 
foam material for at least part of the period of 



metal deposition, and 
- the use of a pulsating current during metal 
deposition, which comprises pulsating current 
periods (T) and currentless or reverse pulsat- 
5 ing current periods (T'), T and T' being ad- 

justed independently of one another to be- 
tween 0 and 9,900 msec. 
By using forced flow of the bath fluid through 
the openings which are present in the foam ma- 
ze terial or by using a pulsating current during metal 
deposition, a preferential growth can be obtained 
which is very explicit and which is reproducible in 
the realization. 

In the case of use of flow of the bath fluid, a 
15 preferential grovrth is generally obtained which is 
parallel to the direction of flow of the bath fluid fed 
through the openings. 

The applicable forced flow of bath fluid can be 
adjusted in several ways. 
20 A. Flow with a Reynolds number of ^ 2,100: the 
preferential growth character is expressed most 
strongly In the case of this laminar flow. 

B. In the case of flow with a Reynolds number 
of between 2,100 and 4,000 the specific growth 

25 form is an explicit function of the concentration 
of the brightener having second class proper- 
ties. 

C. Above Re 4,000. in the region of turbulent 
flow, the uniformity of the preferential growth will 

30 be affected and the character thereof will be 
highly dependent on the location inside the 
foam material. 

By using a pulsating current, a preferential 
growth which can be varied within very wide limits 

35 can be obtained by adjustment of the pulsating 
current and currentless or reverse pulsating current 
periods. It is known that an increase in the scatter- 
ing power of an electrolytic metal deposition bath, 
that is to say the quality of the metal distribution of 

40 the bath, can also be determined to a great extent 
by the use of a current modulator; the method is 
then known as pulse-plating. By means of a suit- 
able choice of the modulator setting, the growth 
ratio R, as defined below, can be influenced over a 

45 wide range between R = 1 (homogeneous all- 
round) and highly preferential R » 1 to infinity. 

For the rest it is noted that the degree of 
preferential grovrth is generally indicated by the so- 
called growth ratio R which is equal to the total of 

60 the growth parallel to the connection line between 
the anode and cathode, or else the direction of 
flow, divided by the total of growth in a direction 
perpendicular thereto. 

Of course, the growth characteristic discussed 

55 above can also be influenced by using both forced 
flow of the bath fluid and pulse-plating techniques. 

For example, when growing a wire of circular 
cross-section in a conventional nickel bath the 
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growth ratio will be approximately 1; when growing 
in a bath which contains a compound having the 
properties of a second class brightener, the said 
growth ratio can be between 1.5 and 5, while when 
forced flow of the bath fluid is used growth ratios of 
between 1.5 and, for example, 25 or more can be 
obtained. It is remarked that anyway the use of 
forced flow of the bath fluid during metal deposition 
and also the use of a pulsating current are known 
per se from EP-B-0049022 and EP-B-0079642. For 
details with regard to the procedure to be followed 
reference is made to the said publications. How- 
ever, the said publications relate to the formation of 
a sieve material and do not relate to the production 
of a metal foam which can be used as electrode 
material or support material for an electrode; sup- 
port material for a catalyst or otherwise sound- 
Insulating material, and the like. When forced fluid 
flow is used through the pores of the foam material 
which is provided with an electrically conducting 
surface layer, the direction of flow of the bath fluid 
with respect to the foam material will advanta- 
geously be varied during the metal deposition 
treatment in order to apply several preferred 
growth directions to the system during the growth 
treatment. A variation of this type can relate, for 
example, to a reversal of the direction of flow for a 
certain time; however, it is also possible to choose 
a large number of different directions spread over 
the total growth time, as a result of which the metal 
foam, should this consist of wires of circular cross- 
section, can show a plurality of locations of dif- 
ferent preferential growth around said cross-sec- 
tion. 

The method described above can be used for 
all metal depositions with the aid of electrolysis 
which are known in the prior art; as a result of its 
broad field of application, the method will very 
frequently be used for the deposition of nickel. 

In the above, the metal deposition step in an 
electrolysis bath is always indicated as the final 
treatment with regard to the use of an organic foam 
material as starting material. 

However, it is also possible to apply a top layer 
after the metal deposition step, the top layer having 
properties which are desired for the later use of the 
metal foam. There are many materials which are 
suitable as a top layer, but preferably the top layer 
consists of chromium, phosphorus-nickel, nickel- 
disperse, gold or silver. 

It is obvious that, if desired, the method can 
also be supplemented by a heat treatment step, 
following the metal deposition, the purpose of 
which is to remove the organic foam material inter- 
nally present, for example by means of pyrolysis. 

If the metal deposition in the final form would 
contain sulphur originating from, for example, a 
brightener having both first class and second class 



properties, it can be advantageous to perform a 
pyrolysis treatment preceding the metal deposition 
and following the application of the thin conducting 
layer which by then naturally has to be strong 

5 enough to maintain the shape of the foam. 

Instead of pyrolysis the starting foam can be 
removed, for example, with a suitable solvent 

The heat treatment conditions can also be cho- 
sen such that sintering of the deposited metal 

w takes place, so that the structure is even more 
mechanically strengthened. 

The invention also relates to a metal foam 
obtained by means of the method described above, 
which metal foam Is characterised in that the foam 

15 material is an open-cell synthetic foam, such as a 
polyurethane foam, which has an electrically con- 
ducting surface layer composed of a metal such as 
nickel or copper and having a thickness of from 0.1 
to 5 micrometres, in particular 0.1 to 1 micrometre, 

20 and which is covered by a nickel layer which has a 
maximum thickness of from 5 to 250 micrometres, 
in particular 1 0 to 50 micrometres. 

The metal foam produced by means of the 
method of the invention has very advantageous 

25 properties, depending on the production conditions. 
By using an electrolytic metal deposition treat- 
ment in the presence of a substance having the 
properties of a second class brightener, a preferen- 
tial thickening is achieved, as a result of which the 

30 resistance to bending increases. 

By using specific suitable types of metal, such 
as phosphorus-nickel and cobalt-nickel, the metal 
can be given greater hardness and higher wear 
resistance; the said types of metal can also be 

36 precipitated during part of the metal deposition 
period. 

The use of substances having second class 
brightener properties also leads to the surface of 
the precipitated metal being smoother and brighter 

40 than is the case when a bath is used which does 
not contain these substances. 

The advantageous properties described above 
can also be enhanced by the use of the measures 
described in the subclaims, such as metal deposi- 

45 tion using forced flow of the electrolyte bath fluid 
and the use of a pulsating current during the metal 
deposition. 

Under the two last-mentioned conditions a 
highly preferential growth is possible, as a result of 

50 which pores which have an axis essentially parallel 
to the direction of preferential growth retain essen- 
tially the same cross-sectional dimension. 

Finally, the present invention relates to a metal 
foam, comprising a core form around which a metal 

55 layer is present, the cross-section of the core form 
being determined by a foam starting material which 
optionally is still present in the metal foam. This 
metal foam is characterised in that in at least a part 
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of Ih© metal foam the shape of the outer limitation 
of the metal layer mainly deviates from the shape 
of the outer limitation of the foam starting material 
applied. 

Brief description of the drawings 

The invention will now be described in the light 
of the appended drawing, in which: 

- Figure 1 shows a cross-section of a foam 
element thickened by means of the method 
in a first embodiment, 

- Figure 2 shows a cross-section of a foam 
element thickened by means of a method in 
another embodiment, 

- Figure 3 shows a similar element which has 
been thickened with the use of forced fluid 
flow and/or pulsating current, 

• Figure 4 is as Figure 2 but using a fluid flow 
varied in two directions or adjusted pulsating 
current, and 

- Figure 5 is as Figure 3 but using various 
differing directions of flow of the bath fluid or 
pulsating current settings. 

In Figures 1 and 2 a cross-section of a foam 
component 1 is shown schematically. The foam, for 
example a polyurethane foam, has been provided 
with a conducting surface layer V (Figure 1) in a 
manner disclosed in the prior art, for example by 
currentless nickel-plating or copper-plating, decom- 
position of nickel carbonyl, cathode sputtering or 
the like. In a typical example, a thus formed con- 
ducting surface layer is 1 micrometre thick; the 
synthetic foam material rendered conductive in this 
way is inserted as cathode in a nickel bath. The 
nickel bath which was used for plating the foam 
element in Figure 1 contained 150 mg/l of 
disodium-salt of meta-benzenedlsulphonic acid, 
while for the foam element in Figure 2 the nickel 
bath contained 80 milligrams of 1,4-butyndiol per 
litre. A nickel deposit 2 is formed, as can be seen 
in Figure 2, a preferential growth on the underside 
of the filament 1 being clearly discernible; a similar 
preferential growth is not observed if the bath does 
not contain the above-mentioned chemical com- 
pound 1.4-butyndio). as can be seen from Figure 1. 

Apart from the brightener constituents the bath 
can be a conventional Watt's bath which is well 
known in the art. 

The conducting surface layer V is not drawn in 
Figure 2 and the subsequent figures, but is 
present. After the plated foam element is finished, 
the synthetic foam core can be removed by 
pyrolysis. 

Figure 3 shows a situation as indicated in Fig- 
ure 1, the deposit 2 showing an even clearer pref- 
erential growth in the form of a bulge 3; this highly 
preferential growth is the consequence of the ap- 



plication of a bath fluid flow which in the figure is 
directed parallel to the long side of the paper. 
Figure 4 shows the situation from Figure 3 but 

in this case a bath fluid flow in the downwards 
5 direction parallel to the long side of the paper was 
maintained during a first period of the time whereas 
a bath fluid flow which was directed upwards par- 
allel to the long side of the paper was applied 
during a second period; bulges 3 and 4 are ob- 
w tained in this way. 

Finally. Figure 5 shows a situation in which a 
forced flow of the bath fluid which was varied in 
different directions has been produced during the 
precipitation treatment, which leads to the forma- 
/5 tion of a number of irregularly shaped bulges 3. 4. 
5 and 6. 

The situations described above are the con- 
sequence of the use of a forced flow of the bath 
fluid in a bath which contains at least one chemical 

20 compound having at least the properties of a 
second-class brightener. The said effects can also 
be obtained by the use of a pulsating current; by 
using a pulsating current under certain circum- 
stances, a very strong preferential growth in a 

25 chosen direction can be achieved. 

Depending on the additive, in the form of a 
brightener, which is chosen for the metal deposi- 
tion, the following properties can be Influenced: 

- strength of the finished material 
30 • surface structure 

- tensile strength 

- dimensional stability characteristics 

- hardness 

- wear resistance 

35 - corrosion resistance. 

By carrying out a sintering treatment on the 
finished material at elevated temperature and pref- 
erably in an inert gas environment, the cohesion 
can also be greatly improved; in such a case the 

40 brightener should preferably be a sulphur-free 
brightener such as, for example, 1,4-butyndiol or 
ethylene cyanohydrine. 

In the case of a synthetic foam starting material 
where removal of the synthetic core is desired, the 

45 sintering treatment can be preceded by or followed 
by a pyrolysis treatment. 

Here also applies that when the metal deposi- 
tion in the final form contains sulphur the pyrolysis 
treatment advantageously is performed instantly 

50 after the application of the first thin conducting 
layer. 

With regard to the use of the material obtained 
by means of the method according to the invention, 
mention is also made, in addition to the above- 
55 mentioned applications, of the possibility for the 
use of such materials, if necessary after removal of 
an organic foam material which has been used, as 
material for protection against electromagnetic radi- 
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ation; as construction material and as filter material 
for the selective galvanic purification of electrolysis 
baths. However, the applications are not restricted 

to the applications given above; those skilled in the 
art will have many other applications in view. 

Claims 

1. Method for the production of a metal foam, In 
which method a suitable foam material (1) is, if 
necessary, provided with an electrically con- 
ducting surface layer, after which the material 
is subjected to a treatment of metal deposition 
(2) in an electrolytic bath, characterised in that 
for the treatment of metal deposition (2) an 
electrolytic bath is used which, in addition to 
the usual constituents, contains at least one 
chemical compound having brightener prop- 
erties. 

2. Method according to Claim 1. characterised in 
that the compound has the properties of a 
second class brightener. 

3. Method according to Claims 1 and 2, charac- 
terised in that the chemical compound is cho- 
sen from second class brighteners and brigh- 
teners which have both second class prop- 
erties and first class properties or from mix- 
tures of two or more of such compounds. 

4. Method according to one or more of Claims 1- 
3, characterised in that the chemical com- 
pound or the chemical compounds is (are) 
chosen from: 

- 1 ,4-butyndiol 

■ ethylene cyanohydrine 

- 1-(3-sulphopropyl)-pyridine 

- 1 -(2-hydroxy-3-sulphopropy l)-pyridine. 

5. Method according to one or more of the pre- 
ceding claims, characterised in that the treat- 
ment of metal deposition (2) is carried out 
using one or more of the following conditions: 

- flow of bath fluid through the openings in 
the foam material for at least part of the 
period of metal deposition (2), and 

- the use of a pulsating current during 
metal deposition (2), which comprises 
pulsating current periods (T) and current- 
less or reverse pulsating current periods 
(T'), T and V being adjusted Indepen- 
dently of one another to between 0 and 
9.900 msec. 

6. Method according to Claim 5. characterised in 
that the direction of flow of the bath fluid with 
respect to the foam material (1) is varied dur- 



ing the treatment of metal deposition (2). 

7. Method according to one or more of the pre- 
ceding claims, characterised in that the e!ec- 

5 trolysis bath used for the treatment of metal 

deposition (2) is a nickel bath. 

8. Method according to one or more of the pre- 
ceding claims, characterised in that a top layer 

w is applied on the metal layer (2), the top layer 
having properties which are desired for the 
later use of the metal foam. 

9. Method according to claim 8, characterised in 
/5 that the top layer consists of chromium. 

phosphorus-nickel, nickeldisperse. gold or sil- 
ver. 

10. Metal foam obtained by means of the method 
20 according to one or more of Claims 1-7, 

characterised in that the foam material (1) is an 
open-cell synthetic foam which has an elec- 
trically conducting surface layer composed of 
a metal such as nickel or copper and having a 
25 thickness of from 0.1 to 5 um, in particular 0.1 

to 1 um, and which is covered by a nickel 
layer (2) which has a maximum thickness of 
from 5 to 250 um, In particular 10 to 50 um. 

30 11. Metal foam, comprising a core form around 
which a metal layer (2) is present, the cross- 
section of the core form being determined by a 
foam starting material (1) which optionally is 
still present in the metal foam, characterised in 

36 that in at least a part of the metal foam the 
shape of the outer limitation of the metal layer 
(2) mainly deviates from the shape of the outer 
limitation of the foam starting material applied. 

40 
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